The serine͞threonine kinase Akt regulates cellular survival, proliferation, gene transcription, protein translation, metabolism, and differentiation. Although Akt substrates are found throughout the cell, activated Akt normally accumulates in the nucleus, suggesting that biologically relevant targets are located there. Consequences of nuclear Akt signaling in cardiomyocytes were explored by using nuclear-targeted Akt (Akt-nuc). Accumulation of Akt-nuc did not provoke hypertrophy, unlike constitutively activated Akt. Instead, Akt-nuc inhibited hypertrophy concurrent with increased atrial natriuretic peptide (ANP) expression that depended upon phosphatidylinositol-3 kinase activity. Akt-nuc antihypertrophic effects were blocked by inhibition of either guanylyl cyclase A receptor or cyclic guanosine monophosphate-dependent protein kinase in cultured cardiomyocytes. Corroborating evidence showed blunted acute hypertrophic remodeling in Akt-nuc transgenic mice after transverse aortic constriction coincident with higher ANP expression and smaller myocyte volume. In addition, Akt-nuc expression improved systolic function and survival in the chronic phase of transverse aortic constriction-induced hypertrophy. Thus, Akt-nuc antagonizes certain aspects of hypertrophy through autocrine͞ paracrine stimulation of a phosphatidylinositol-3 kinase-dependent signaling cascade that promotes ANP expression, resulting in a unique combination of prosurvival coupled with antihypertrophic signaling.
A kt, also known as protein kinase B, has emerged as a focal point for signal transduction pathways responsible for cell survival (1) . Akt is initially activated at the cell membrane in response to stimulation by growth factors such as insulin-like growth factor 1 (IGF-1; ref. 2) . After activation, Akt phosphorylates multiple cytoplasmic substrates and translocates to the nucleus, where Akt is thought to regulate gene transcription (3, 4) . In cardiomyocytes, Akt prevents apoptosis from ischemia reperfusion (5, 6) , volume and͞or pressure overload, hypoxia (7), hypoglycemia, or cardiotoxic drugs (8) . To exploit this beneficial effect, myocardial Akt signaling has been activated by means of adenoviral gene transfer or transgenic expression of constructs encoding myristoylated or amino acid substituted Akt, as well as phosphatidylinositol-3 kinase (PI3-K), resulting in constitutive Akt activation (5-7, 9-11). However, constitutive Akt activation results in supraphysiological levels of kinase activity in the cytoplasm (12, 13) , inducing hypertrophic cardiomyopathy in vivo (9, 10) . Constitutive Akt activation induces hypertrophy in cardiomyocytes through phosphorylation of target substrate molecules, including glycogen synthase kinase-3␤ (14) , mammalian target of rapamycin (9) , glucose transporter-4 (15) , and p70S6-kinase (16) , which are predominantly located in the cytoplasm. On the other hand, Akt-associated pathways and substrate proteins leading to antiapoptotic effects and cellular survival are often localized in the nucleus (17) (18) (19) . However, Akt does not possess an inherent nuclear localization signal sequence, and activated Akt likely depends upon cofactors such as TCL1 (20) or zyxin (21) to promote nuclear localization. To better understand the role of nuclear Akt accumulation in cardiomyocyte signaling and phenotypic effects, we constructed nuclear-targeted Akt (Akt-nuc) with a nuclear localizing signal (22) . Expression of Akt-nuc by adenoviral vectors or cardiac-specific transgenesis resulted in protection of cardiomyocytes from apoptotic challenge without concomitant hypertrophy (22) . These studies indicate that protective effects of Akt could be dissociated from the hypertrophic phenotype that is often connected to antiapoptotic signaling (23). Thus, Akt-nuc exhibits a unique combination of phenotypic properties with important similarities and differences, in comparison to previous characterizations of Akt activation in cardiomyocytes or the myocardium. Lack of hypertrophic remodeling after Akt-nuc accumulation prompted this investigation to determine the effect of Akt-nuc upon cellular and myocardial responses to hypertrophic stimulation. Most notably in the context of this report, Akt-nuc inhibits hypertrophy and reveals previously unknown phenotypic and molecular effects of Akt signaling.
Results

Akt-nuc Prevents Hypertrophic Remodeling of Cardiomyocytes
Treated with Endothelin 1 (ET-1). Cardiomyocyte cell area was measured to determine whether accumulation of Akt-nuc causes cardiomyocyte enlargement as reported for myristoylated Akt (Akt-myr), a constitutively activated form of the kinase (5, 7). Expression of Akt-myr significantly enlarged cardiomyocytes compared to cells that were uninfected (162%, P Ͻ 0.001; Fig. 1a) . No significant differences in cell area were observed between uninfected controls and cardiomyocytes expressing GFP, wild-type Akt (Akt-wt), or Akt-nuc. Treatment with ET-1 induced significant enlargement in cardiomyocytes that were uninfected (131%, P Ͻ 0.001) or infected with adenoviruses expressing GFP (132%, P Ͻ 0.001) or Akt-wt (135%, P Ͻ 0.001). However, cardiomyocytes expressing Akt-nuc did not respond to ET-1 treatment with hypertrophic enlargement (104%, P ϭ 0.6).
Akt-nuc Specifically Induces ANP Gene Expression in Vitro. Atrial natriuretic peptide (ANP) localization was analyzed in the presence of ET-1 by immunostaining (Fig. 1b) . ET-1 stimulation resulted in perinuclear ANP staining in uninfected cells (No virus, arrow). Levels of perinuclear ANP staining in cardiomyocytes expressing GFP (Ad GFP, arrow) and Akt-wt (Ad Akt-wt, arrow) were comparable to that of uninfected cells. However, perinuclear ANP staining in cardiomyocytes expressing Akt-nuc (Ad Akt-nuc, arrow) was more intense than that of uninfected cells.
ANP mRNA transcript levels in cardiomyocytes infected with adenoviral vectors for GFP, AKT-nuc, or AKT-myr was mea-sured by real-time RT-PCR together with B-type natriuretic peptide (BNP) and the cytoskeletal hypertrophic marker ␣-skeletal actin (␣-SKA; Fig. 1c ). ANP was induced by AKT-nuc (28.9-fold; P ϭ 0.004) and myr-AKT (1,098-fold; P ϭ 0.0008) vs. GFP-infected cells. High-level ANP induction by AKT-myr likely reflects constitutive activation of this protein, leading to exaggerated hypertrophic stimulation in combination with nuclear accumulation from overexpression and chronic activation (12, 24) . In comparison, BNP was induced 2.4-fold by AKT-myr (P ϭ 0.009) but was significantly decreased upon AKT-nuc infection (0.5-fold; P ϭ 0.046). Notably, ␣-SKA transcript levels showed the most profound difference, with 20.98-fold induction by AKT-myr (P Ͻ 0.0001) but unchanged by AKT-nuc infection vs. GFP control. These results demonstrate that AKT-nuc exhibits a distinct transcriptional profile characterized by induction of ANP without concomitant increases in ␣-SKA, as noted for AKT-myr expression. was supported by experiments by using HS-142-1 (a GC-A receptor antagonist) and KT5823 [a specific cyclic guanosine monophosphate (cGMP)-dependent PKG inhibitor; Fig. 1d ]. ET-1 stimulation increased the mean cell area of uninfected cells by 30.6%. ET-1 stimulation significantly increased mean cell area of cardiomyocytes expressing Akt-wt by 53.2% compared to uninfected cells or cells expressing Akt-wt without ET-1 stimulation (P Ͻ 0.05), and this increase in mean cell area was unaffected by either HS-142-1 or KT5823 treatment. The mean cell area of cardiomyocytes expressing Akt-nuc was not increased by ET-1 stimulation, but the ability of Akt-nuc to blunt hypertrophy under ET-1 stimulation was lost when cardiomyocytes were exposed to either HS-142-1 or KT5823, implicating ANP-receptor and cGMP-dependent signaling in mitigation of hypertrophy by Akt-nuc.
Induction of ANP Protein Expression Correlates with the PI3-K͞Akt
Signaling Cascade. The relationship between ANP production and the PI3-K͞Akt signaling pathway activity was verified in cardiomyocytes infected with adenoviral vectors expressing GFP, Akt-wt, Akt-nuc, or dominant-negative Akt (Akt-DN) proteins in conjunction with exposure to IGF-1 alone or together with PI3-K inhibitors (LY294002 or wortmannin). IGF-1-mediated induction of ANP protein expression correlates with phospho-Akt 473 accumulation that was blocked by PI3-K inhibition, whereas Akt-wt overexpression induces phospho-Akt 473 accumulation and a moderate production of ANP that appears unperturbed by PI3-K inhibition. In comparison, Akt-nuc promotes robust ANP protein accumulation that is blunted by PI3-K inhibition. Lastly, Akt-DN overexpression blocks IGF-1-induced ANP production, clearly demonstrating a connection between Akt activity and the production of ANP protein.
Estradiol-Mediated Inhibition of Hypertrophy Involves PI3-K-Dependent Signaling. Endogenous PI3-K-dependent signaling to inhibit hypertrophy was examined in cardiomyocytes pretreated with 30 M LY294002 for 1 h, then 10 Ϫ7 M estradiol for 3 h, and ultimately stimulated with 10 Ϫ7 M endothelin for 16 h (Fig. 1f ) . Nuclear accumulation of phospho-Akt 473 after estradiol stimulation inhibited by LY294002 was confirmed by confocal microscopy (data not shown). Real-time RT-PCR quantitation of mRNA levels for ANP and ␤-myosin heavy chain (␤-MHC) reveals significant ANP induction with estradiol treatment (9.7-fold, P ϭ 0.03) that was reversed by LY294002 (P ϭ 0.03). ANP induction mediated by ET-1 (8.8-fold, P ϭ 0.03) was also inhibited by LY294002 (P ϭ 0.03) as well as estradiol (P ϭ 0.03). Inhibition of ANP production by estradiol treatment of ET-1-stimulated cultures was partially reversed by addition of LY294002 (5.7-fold increase, P ϭ 0.02 vs. estradiol ϩ ET, and 0.02 vs. ET-1 alone). In comparison, induction of ␤-MHC by ET-1 (4.5-fold, P ϭ 0.0026) was inhibited by LY294002 (3.0-fold, P ϭ 0.013) and estradiol (2.26-fold, P ϭ 0.010). The inductive effect of ET-1 upon ␤-MHC in estradiol-treated cells was partially restored upon exposure to LY294002 (3.3-fold, P ϭ 0.061 vs. ET-1 alone). These findings of ␤-MHC regulation correlate with measurements of cell area. Quantitation of cell area by confocal microscopy shows significant inhibition of ET-1-induced cellular hypertrophy by estradiol (P ϭ 0.005) with significant restoration of hypertrophic remodeling after addition of LY294002 (P ϭ 0.04). Despite inhibition of hypertrophic remodeling by Akt-nuc infection of cultured cardiomyocytes, measurements of protein synthesis rate and protein content were comparable with control cultures (results not shown). We attribute this observation to additional effects of Akt-nuc in cultured cardiomyocytes that enhance protein accumulation by hypertrophy-independent mechanisms, including enhanced resistance to cell death as well as increased proliferation in vitro. In fact, despite comparable protein content in both cultures, estradiol-treated cells are significantly smaller than ET-1-treated cells (Fig. 1f Bottom) . Thus, we relied upon the combination of 2D cell area measurements with transcriptional changes to track hypertrophic effects in our cultured cardiomyocytes. These experiments indicate that the ability of estradiol to inhibit hypertrophy and induce ANP transcription depends in part upon PI3-K activity.
Akt-nuc Improves Chronic Survival After Myocardial Pressure Overload. Weights of the body, heart, lung, and liver were comparable between cardiac-specific Akt-nuc transgenic mice (AKT) and nontransgenic (NTG) age-and gender-matched controls (Table 1 , which is published as supporting information on the PNAS web site). Myocardial pressure overload was induced by transverse aortic constriction (TAC). NTG mice with TAC surgery (NTG-TAC) succumb to cardiomyopathic effects beginning at 12 wk (Fig. 2a) . In comparison, AKT mice with TAC surgery (AKT-TAC) show significantly better survival (P ϭ 0.016). TUNEL assays performed on samples 14 wk after TAC show comparable levels of apoptosis in both NTG-TAC and AKT-TAC group, suggesting that differences in apoptotic cell death did not contribute significantly to enhanced AKT-TAC survival. However, measurements of ongoing cell death at death do not exclude that differences in apoptosis were present in the two groups of animals earlier during the evolution of pressure-overload hypertrophy.
Akt-nuc Antagonizes Cardiac Hypertrophy After Myocardial Pressure
Overload. Myocardial remodeling in AKT and NTG mice subjected to TAC surgery was assessed by serial echocardiographic measurements (Fig. 2b) . In the acute phase, defined as 1-3 wk after TAC, AKT-TAC hearts showed significantly blunted increases in left ventricular (LV) anterior and posterior wall thickness relative to NTG-TAC (P Ͻ 0.05). LV end-diastolic diameter of AKT-TAC at 3 and 5 wk after TAC was significantly larger than NTG-TAC (P Ͻ 0.05). LV fractional shortening and LV ejection fraction were comparable between AKT-TAC and NTG-TAC in the acute phase. In the chronic phase, defined as 10 wk after TAC and later, AKT-TAC showed significantly improved LV fractional shortening (P Ͻ 0.05) and LV ejection fraction (P Ͻ 0.05) relative to NTG-TAC.
Echocardiographic (Fig. 3 a-c) and postmortem ( Fig. 3 d-f ) measurements taken 2 wk after TAC surgery reveal decreased ventricular wall thickness (Fig. 3a , P Ͻ 0.05) and increased LV end-diastolic diameter (Fig. 3b , P Ͻ 0.05) in AKT-TAC compared to NTG-TAC. Comparable values for both AKT-TAC and NTG-TAC were observed for LV fractional shortening (Fig. 3c) and heart weight to tibia length ratio (Fig. 3d) . Measurement of cardiomyocyte cross-sectional area sampled from heart sections ( Fig. 3e) together with quantitative analysis (Fig. 3f ) revealed a smaller cross-sectional area of cells in AKT-TAC compared to those in NTG-TAC (P Ͻ 0.05). Morphometric analyses of chronic phase hearts at 14 wk after TAC for LV mass (Fig. 3g) , cell volume of LV myocytes (Fig. 3h) , and number of LV myocytes (Fig. 3i) reveal that hearts of AKT-TAC mice are significantly heavier than those of NTG controls at this late time point (P Ͻ 0.05). However, this increase in mass cannot be accounted for by cell volume increases, which are actually less in AKT-TAC than NTG-TAC. Calculations reveal that, whereas NTG-TAC cardiomyocytes increase in volume 1.81-fold relative to sham-operated NTG controls, the AKT-TAC cardiomyocytes enlarge only 1.32-fold relative to sham-operated AKT controls. Instead, the basis for increased mass of the AKT-TAC myocardium results from the hypercellular phenotype of the transgenic heart coupled with a lower rate of myocyte loss. Whereas fewer larger myocytes were present at 14 wk after TAC in the NTG LV, myocytes in the Akt-nuc transgenic LV showed no significant change in either volume (Fig. 3h) or number (Fig. 3i) .
Akt-nuc Specifically Induces ANP Gene Expression in Pressure Over-
load Model. Differences in mRNA transcript levels for ANP, BNP, c-for, ␤-MHC, and ␣-SKA between NTG-TAC and AKT-TAC mice were assessed at 1 wk after surgery (Fig. 4a) . ANP expression was increased to a higher level in AKT-TAC hearts relative to NTG-TAC (26-vs. 10-fold, P ϭ 0.003), whereas BNP was significantly less elevated in AKT-TAC than NTG-TAC (5.3-vs. 9.1-fold, P ϭ 0.0015). Insignificant differences between NTG-TAC and AKT-TAC expression levels were found for both ␤-MHC and c-fos. Notably, ␣-SKA was elevated in both groups vs. their sham controls but to a significantly lesser degree in AKT-TAC relative to NTG-TAC (3.56-vs. 8.7-fold; P ϭ 0.0154). No significant differences for any transcripts examined were noted between sham-operated NTG vs. AKT (Fig. 4b) . Subsequent immunoblot of cardiac lysates at 1 wk after TAC confirmed significantly increased ANP protein expression in AKT-TAC relative to NTG-TAC as shown ( Fig. 4c ; P Ͻ 0.05) with quantitative densitometry for ANP protein levels normalized to GAPDH protein (Fig. 4d) . Thus, Akt-nuc promotes ANP expression in response to pressure overload challenge and ϭ 3) , and AKT-TAC (n ϭ 8) mice. Cross-sectional area of 100 cells was measured in the LV-free walls of each animal. Calculations of LV mass (g), myocyte volume (h), and myocyte number (i) from mice 14 wk after TAC based on morphometric analyses of heart as described in Methods. LV mass is significantly increased in both NTG and AKT hearts in the chronic remodeling phase with cell volume of myocytes increasing significantly in the NTG-TAC but not in the AKT-TAC hearts. Myocyte number in the AKT-TAC heart is increased relative to the NTG-TAC, indicating that AKT-TAC myocardium possesses more numerous but smaller myocytes. n ϭ 5 for all morphometric calculation groups except for NTG-TAC, where n ϭ 3 because of increased mortality. * , P Ͻ 0.05 for comparisons between paired sets of samples as shown.
exhibits selective repression hypertrophic reprogramming by inhibiting ␣-SKA but not ␤-MHC.
Discussion
The ability of Akt kinase to regulate critical cellular processes such as metabolism, hypertrophy, and survival prompted numerous studies of Akt-mediated effects both in vitro (5, 7) and in vivo (9-11, 25, 26) . Studies of Akt myocardial biology involving overexpression have been predominantly conducted with constitutively activated forms of the kinase created by molecular engineering (5, 7, 9, 11, 25) . Characterizing constitutive Akt activation in the myocardium produces two recurring themes: promotion of growth and antiapoptotic activity. Promotion of growth is observed in vivo, particularly in the assessment of postnatal cardiac enlargement resulting from transgenic expression of Akt kinase in the myocardium (9, 10, 25) and in the hypertrophic growth of cardiomyocytes in vitro (9, 10, 25) . Antiapoptotic effects are a consistent finding both in vitro (5, 7) and in vivo (9, 11) . These studies have substantially furthered our understanding of Akt-mediated signaling and remodeling, but they may not accurately reflect the physiologic actions of Akt activation. Acute effects of Akt with constitutive activation are cardioprotective, but chronic Akt activation renders the myocardium more susceptible to ischemia-reperfusion injury (27) . Alternatively, IGF-1 also activates Akt in the myocardium (28) but exhibits phenotypic characteristics of apoptotic resistance and hypercellularity after cardiac-specific overexpression (29) . Additional multiple aspects of cardiac-specific constitutively activated Akt overexpression resulting in cardiac hypertrophy (9, 10, 25) , depressed contractile function (9) , and dilatation (10) are not readily reconciled with the phenotype of cardiac-specific IGF-1 transgenic overexpression. One potential explanation for these phenotypic distinctions between constitutively activated Akt-and IGF-1 overexpression in the heart may be the degree and distribution of Akt activity, prompting our investigation into the consequences resulting from targeted activation of Akt in the nucleus of cardiomyocytes.
Accumulation of Akt-nuc did not provoke hypertrophic enlargement in the present study but instead inhibited ET-1-induced cardiomyocyte hypertrophy in cultured cells with concurrent increases in ANP expression. Activation of Akt is predominantly responsible for ␤-adrenergic receptor-stimulated ANP transcription (30) . Furthermore, Akt activity antagonizes hairy-related transcription factor-mediated effects that, in turn, inhibit GATAdependent transcriptional activation (31) . Because GATA factors enhance expression of cardiac-associated promoters, including ANP (32), it is reasonable to postulate that Akt activation enhances ANP production. The antihypertrophic effect of Akt-nuc was blocked by inhibition of either GC-A receptor or PKG signaling. HS-142-1 and KT5823 inhibitors used in this study have demonstrated participation of GC-A receptor-PKG signaling in ANPmediated protection (21) . Antihypertrophic effects of Akt-nuc were abrogated by treatment of cultures with HS-142-1 or KT5823 before ET-1 stimulation, confirming involvement of GC-A receptor-mediated or cGMP-dependent signaling in Akt-nuc-mediated antihypertrophic effects, respectively. These findings indicate that Akt-nuc antagonizes hypertrophy in part, although promotion of autocrine͞paracrine stimulation that operates by a GC-A receptor-PKG-dependent pathway. In concordance with this postulate, cardiac-specific Akt-nuc expression increases ANP expression in ventricles of mice subjected to pressure overload compared with NTG mice. Collectively, our results implicate ANP as one of the effectors responsible for the antihypertrophic effect of Akt-nuc, especially because the antihypertrophic properties of ANP are well documented (33) . However, prosurvival and proproliferative effects of Akt-nuc leading to a hypercellular myocardium result in a novel constellation of selected antihypertrophic effects upon cardiomyocytes distinct from ANP͞PKG-mediated antihypertrophic signaling. Although ANP has been shown to be antihypertrophic, it is not a ''kill switch'' to inhibit remodeling. Rather, it is a brake on the hypertrophic process, and the participation of nuclear Akt in antagonizing hypertrophy appears to be mediated at least in part by potentiating ANP expression.
17␤-estradiol activates Akt (34) and antagonizes cardiac hypertrophy by inducing ANP in vitro (35) , as well as blunting pressureoverload hypertrophy in vivo (36) . Furthermore, we reported a correlation between nuclear-localized phospho-Akt 473 and the presence of estrogenic stimulation in samples of human myocardium by immunohistochemical analyses as well as in cultured neonatal rat cardiomyocyte after exposure to 17␤-estradiol (37) . Thus, together with our estradiol results (Fig. 1f ) , it is tempting to speculate that 17␤-estradiol antagonizes cardiac hypertrophy by activating Akt that, in turn, increases ANP production.
Multiple concurrent processes that may occur in response to Akt activation contribute to altered hypertrophy in addition to the ANP-related effects examined in this study. As we previously reported, nuclear-Akt-mediated signaling events are associated with activation of PKG and cGMP (21) in addition to published studies linking Akt activation to nitric oxide-dependent signaling (38, 39) . Implicit in these intimate signaling interrelationships is the likelihood that alteration of any facet of the cascade will have repercussions for hypertrophic remodeling. Additionally, Akt-nuc transgenic mice exhibit enhanced contractile function and resistance to apoptotic cell death that could influence signal transduction and remodeling in the early phase of pressure overload challenge (22, 40) . Current studies ongoing in the lab use PKGexpressing recombinant adenoviruses, transgenic mice with cardiac-specific expression of guanylyl cyclase to increase cGMP production, and multiple pharmacologic inhibitors to tease apart the respective contributions of these pathways in the remodeling process. Several concurrent mechanisms are likely to account for the emergence of late-stage hypertrophy in the transgenic nuclear Akt mice. First, altered ANP production in the chronic hypertrophic phase may be further exacerbated by receptor down-regulation͞ desensitization observed in heart failure (41) . Also, we previously reported that the therapeutic threshold of ANP is a relatively narrow window, and that excessive levels of ANP promote cardiomyocyte apoptosis (21) . Thus, altered ANP signaling in the chronic phase of our TAC model potentially contributes to enhanced remodeling. An equally plausible explanation is the predominance of alternate hypertrophic signaling later stages of pressure-overload-induced remodeling and cardiac failure, but such mechanisms are beyond the scope of the present study focused upon the antihypertrophic actions of nuclear Akt. In the late stage of response to TAC Ͼ3 mo after challenge, ventricular mass was elevated in the AKT-TAC mice, and this appears to be due to trends toward increased number of myocytes with modest cellular hypertrophy. Although neither of these two changes was statistically significant, together they resulted in significant expansion in the muscle compartment of the myocardium.
In conclusion, Akt-nuc antagonizes apoptosis, induces ANP expression, and antagonizes cardiac hypertrophy. Potent survival signaling in combination with antagonizing hypertrophic signaling makes Akt-nuc an interesting candidate for therapeutic intervention against cardiomyopathic injuries resulting from ischemia reperfusion, chronic pressure or volume overload, hypoxia, or anticancer drugs.
Methods
Cardiomyocyte Preparation, Stimulation, Inhibitory Treatments, and Adenoviral Infections. Neonatal rat ventricular myocytes were isolated as described (22) . Adenoviruses encoding GFP, Akt-wt, Akt-myr, and Akt-nuc were prepared and used as described (21, 22) . Additional details are provided in Supporting Text.
Confocal Microscopy, Histology, and Morphometric Analyses. Cardiomyocytes cultured in two-well chamber slides were rinsed in PBS and fixed in 4% paraformaldehyde. Cardiomyocytes were immunostained with mouse anti-myc tag (Cell Signaling Technology; 1:100 dilution) or mouse anti-hemagglutinin (HA) tag (Cell Signaling Technology; 1:100 dilution) antibody to identify cells infected with Akt-wt, Akt-nuc, or Akt-myr. ANP was immunostained with rabbit anti-ANP antibody (Peninsula Laboratories; 1:100 dilution). The next day, slides were washed three times for 10 min in PBS and incubated 1 h at room temperature in the dark with FITCconjugated donkey anti-mouse IgG and Cy5-conjugated donkey anti-rabbit IgG antibody (Jackson ImmunoResearch) diluted 1:100 in blocking solution. Simultaneous staining with Texas redconjugated phalloidin (Molecular Probes; 1:100 dilution) revealed actin filaments. After secondary labeling, slides were washed three times in PBS for 5 min per wash and mounted for viewing in Vectashield medium (Vector Laboratories). Details of procedures for labeling cultured cells as well as histological and morphometric analysis information are provided in Supporting Text.
Real-Time Quantitative RT-PCR and Biochemical Analyses. Total RNA was extracted from the heart tissues or cultured cardiomyocytes by using TRIzol reagent (Invitrogen) according to the manufacturer's instructions. To avoid genomic DNA contamination, DNA degradation was performed by using RQ1 RNase-Free DNase (Promega) according to the manufacturer's instructions. Complementary DNAs (cDNAs) were synthesized by standard techniques by using the SuperScript III First-Strand Synthesis System for RT-PCR (Invitrogen) with oligo(dT) primers. Details of procedures for RT-PCR including primer sets, gel electrophoresis, and immunoblot detection of samples are provided in Supporting Text. 
